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HORMONES AND THE TERMINATION AND REINDUCTION 
DIAPAUSE CEPHUS CINCTUS NORT. 
(HYMENOPTERA: CEPHIDAE)! 


STANLEY CHURCH? 


Abstract 


Ligation and parabiosis experiments and cytological studies 
diapause morphogenesis Cephus cinctus larvae initiated growth and 
differentiation hormone from the prothoracic glands. The prothoracic glands 
turn are probably stimulated hormone from the protocerebral neuro- 
secretory The brain continues influence the prothoracic glands even 
after they have begun secrete and the influence more than that simple 
stimulation the neurohormone. Furthermore, experiments with larvae 
reared apart from their cocoons suggested that the brain some extent 
influenced environmental stimuli. effective amount growth and 
differentiation hormone has not yet been secreted, exposure week less 
causes postdiapause cinctus larvae revert diapause. Forty 
degrees has much weaker effect. Cytological examination suggested that 35° 
halts prothoracic gland activity and, meanwhile, permits the neurohormone 
dissipated. the end the heat treatment there insufficient neuro- 
hormone left reactivate the prothoracic glands, which revert dormancy. 


Introduction 


Wigglesworth (47), over years ago, proposed that diapause may 
primarily the result hormone failure. This viewpoint gaining increasing 
support. 


The Hormonal Control Molting 

has been proved that molting, including that which pupa adult 
formed, depends for its initiation ‘‘growth and hormone 
secreted pair (usually) diffuse organs, the prothoracic glands. These 
have variously been called thoracic glands, ventral glands, corpora incerta, 
subesophageal glands, and hypostigmatic glands are generally 
situated the prothorax but may extend into the head mesothorax. These 
glands their homologues have been seen Lepidoptera, Hymenoptera, 
Hemiptera, Blattaria, Phasmida, Mantodae, Odonata, 
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Ephemerida, Plecoptera, Dermaptera, and Isoptera. They exist Diptera 
the giant lateral cells, commonly called peritracheal pericardial cells, 
the ring gland. Work this subject has been reviewed Scharrer (35) 
and Williams (54, ligation, gland extirpation and implantation, and 
blood transfusion experiments the control over molting exerted the pro- 
thoracic glands has been demonstrated Bombyx (11) and (53) 
among the Lepidoptera, Diptera, Odonata, and Phasmida, and finally the 
hemipteron Rhodnius (51). Wigglesworth (50) has reviewed most this work. 

Kopec (24) discovered Lymantria that another organ, the brain, controlled 
the initiation molting, apparently way glandular action. Since then, 
dependence molting upon the brain has been demonstrated other 
Lepidoptera, Hemiptera, Orthoptera, Phasmida, Coleoptera, and Diptera 
(reviewed Wigglesworth (49, 50) and Hymenoptera (39). some 
species the situation has been more precisely defined: the brain the source 
stimulus that activates the prothoracic glands. small number 
neurosecretory cells the pars intercerebralis the protocerebrum secrete 
hormone that, when reaches the prothoracic glands, causes them begin 
their secretion. This series events has been traced Rhodnius and 
Platysamia the classic experiments Wigglesworth (47, 48, 50, 51) and 
Williams (52, 53, 57), Calliphora Possompes and Bombyx Bounhiol 
(5, and Fukuda (11). The sole function the neurosecretory cells this 
stage appears the stimulation the prothoracic glands. Once this has 
been done the secretory activity the prothoracic glands and the molting 
process are longer dependent upon the brain. 

Protocerebral neurosecretory cells have been revealed histologically 
Hymenoptera, Lepidoptera, Coleoptera, Diptera, Trichoptera, Orthoptera, 
Hemiptera, and Neuroptera (reviewed Day (9) and Scharrer and Scharrer 
(38) and Plecoptera homologues have been found the 
Apterygota several cases their activity has been correlated with the 
occurrence molting. 

Similar neurosecretory cells have been found associated with endocrine 
systems vertebrates. Cytological examination indicates that neurosecretory 
cells, although they have acquired capacity for hormone secretion, have not 
lost their original nervous function. Consequently Scharrer (37) believes that 
they serve connecting links between the nervous and endocrine systems, 
thereby co-ordinating the control exerted the two systems over the 
organism’s physiology. 


The Hormone Failure Theory Diapause 

Platysamia experiences pupal diapause before the endocrine mechanism 
controlling its imaginal molt and metamorphosis set motion. Williams 
(52) demonstrated that during this diapause the implantation brains from 
chilled postdiapause pupae was enough activate the prothoracic glands, 
which secreting the growth and differentiation hormone elicited normal 
metamorphosis. Active brain implants also were effective breaking diapause 
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Leptinotarsa (17) and (42). these species diapause seems 
result from failure the hormone mechanism operate, Wigglesworth 
suggested. Furthermore, the brain’s neurosecretory cells and not the 
prothoracic glands must nearest the origin the failure. 

Schneider (41) has interpreted the function the intercerebralis neuro- 
secretory cells quite differently. syrphid larvae during diapause they are 
periodically filled with secretory droplets, which disappear the insects are 
moistened warmed. temporary activation immediately follows such 
treatment, and Syrphus ribesii (L.) often enough induce postdiapause 
development. Generally, especially other syrphid species, the activation 
soon superseded immobility even more rigid than before. From this 
Schneider concluded that the neurosecretory cells produce inhibitory agent 
that causes diapause and sustains it. Nonetheless, one might just reason- 
ably hold the opposite view, that the release stored secretion from the 
intercerebralis cells follows the stimulus wetting warming and causes the 
fleeting reactivation the insect, but that for some reason the secretion 
usually insufficient the insect not yet receptive enough for bring 
end diapause. 

(19) reported different situation Lophyrus. There the brain’s 
secretory activity restricted actively developing stages and absent 
during diapause. 

Andrewartha’s opinion, since diapause (at least larval, nymphal, pupal 
diapause) occurs near the end stadium, the hormone failure theory 
probably generally applicable (1). 


Significance Other Theories Diapause 

one accepts—cautiously—the hormone failure theory diapause, the 
explanation still far from complete. There has not yet been proposed 
convincing reason for the failure the hormones. Andrewartha believes that 
the brain does not releasé the hormone mechanism because the former 
inhibited the accumulation reserve food form that not immediately 
available the tissues, and that diapause development process food 
mobilization processes prerequisite it. The abundance reports 
marked differences fat body and other tissues between diapause and non- 
diapause insects gives least circumstantial support this theory (1). 


There are theories diapause antedating the hormone failure concept that 
should not completely forgotten. They have been reviewed fully and 
skillfully Andrewartha (1), Lees (25, 26), Prebble (30), and Simmonds (44) 
relation multitude pertinent observations. The idea substances 
the body inhibiting development received considerable attention, parti- 
cularly Roubaud (31, 32) and Bodine (4), long before Andrewartha’s food 
mobilization hypothesis. inhibition was generally thought being 
least mildly pathological condition and more recent work has denied the 
theories any general applicability. 
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Yet one must not too eagerly dispose the possibility that inhibitory 
substances contribute diapause some way. They may the agents 
whereby environmental conditions can influence diapause, particularly its 
inception. second thought, however, probably unwise consider 
such substances merely inhibitory; they would more likely promote 
particular biological processes that lead the diapause state, and the same 
time hinder others. important series papers Fukuda (12-15) gives 
evidence that such agents exist, that there diapause-inducing factor 
secreted the subesophageal ganglion Bombyx. Its secretion the 
female pupa determines that upon maturity the insect will lay diapause eggs. 
The brain suppresses stimulates the production this factor according 
the genetic type and previous history the insect. 


Influence Environment Diapause 

The environmental factors that can cause insects enter diapause are 
many. Generally unfavorable conditions that slow the rate development 
usually strengthen the tendency towards diapause species that have 
facultative diapause, i.e., species which each individual not obliged 
into dormancy. Andrewartha (1) has critically reviewed the extensive 
literature this subject. Deficient excessive moisture, food quality and 
its dryness, low unusually high temperatures, and overcrowding and 
isolation have all been implicated. Unfortunately, some the literature 
which the influence these factors described, distinction made 
between (a) development that arrested directly and only temporarily 
some limiting condition and (b) real diapause, which the arrest less 
direct and development cannot re-induced simply removing the 
inhibitory agent and providing the kind environment normally suitable 
for development. 

There are other diapause-producing factors that ordinarily are not associated 
with unfavorable environment. Among them are declining, but not 
necessarily low, temperatures (8), and relative lengths dark and light periods 
fact that some the factors that cause diapause are not 
themselves unfavorable development, and also that many diapause-inducing 
factors intensify the mild growing season about give way less 
beneficent interval, both speak for adaptive value for diapause. The idea 
that diapause insects are more able survive cold drought fairly old but 
probably worth repeating. Certainly true many species that 
diapause more than just unhealthy state caused fatigue unfavor- 
able environment from which the insect requires considerable time recover. 
Whether not this considered may strongly influence the interpretation 
experimental work. 

One fact very conspicuous and doubt equally significant: the fact that 
the causative influence environment diapause exerted way long 
and devious physiological processes. This well demonstrated the time 
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lapse between cause and observed effect (1). sometimes the next genera- 
tion that affected. The work Kogure (23) Bombyx particularly 
striking. found that light and temperature acting incubating eggs 
partly determine whether not eggs the next generation will become 
dormant. 


Diapause Development: The Elimination Dormancy 

the basis the hormone failure theory being generally applicable, two 
big problems remain. (a) what agents ecological factors become 
connected with the inhibition (whether active passive) the brain- 
prothoracic gland mechanism What happens during the period this 
inhibition, i.e., what diapause development and how does lead the 
reactivation the endocrine mechanism and the elimination dormancy? 
What little understood about the first question was discussed the preced- 
ing sections. Here, some remarks the second question may value 
even though are little able answer are the first. 

should emphasized that, the onset diapause has been promoted 
certain environmental factor, the mere removal compensation for 
that factor does not break the dormancy. Low temperature common 
cause diapause, yet nearly always the best temperature for diapause 
elimination 10° 25° lower than the morphogenetic optimum. 

Diapause breaking progressive process. The curves 
for diapause elimination and for normal nondiapause development are similar, 
except that the entire curve for the former displaced towards the lower end 
the temperature scale. both normal development and diapause elimina- 
tion the rate the process gradually diminishes the temperature falls below 
optimum, and the rate falls off more abruptly the temperature raised. 
the similarity between the two curves that most strongly suggests that 
diapause breaking also form development (cf. (1) This diapause 
development must completed before the more rapid postdiapause develop- 
ment and metamorphosis can begin. 

Sometimes the curves for the two processes overlap 
extensively, sometimes not. extreme overlap evident where Matthée 
(28) found that diapause Locustana was eliminated Another 
evident Dickson’s (10) work Grapholitha, wh:ch showed diapause 
development more rapid 26°C. than lower temperatures. 
Cephus, the other hand, the optimum for morphogenesis about 25° and 
for diapause development, 10° (33). 


Diapause and Its Study Cephus cinctus 
The experiments with which this paper concerned were intended 
discover whether there evidence support the hormone failure theory 
diapause the wheat stem sawfly, Cephus cinctus Nort., and whether the 
theory could profitably used interpreting this phase the life. 
Because diapause the sawfly obligatory, the species does not lend itself 
study the original cause diapause. would difficult determine 
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whether and what extent external conditions, such declining temperature, 
progressive drying the host plant, and diminishing photoperiod, are fact 
the forces that commit the larva dormancy upon its maturity since they are 
invariably effective doing this any naturally occurring situation. For 
this reason attempt was made study that aspect diapause. 

the other hand, there are some advantages knowing that every mature 
S-larva enters diapause. Furthermore, diapause cinctus well defined 
state, yet never outlasts more than one winter equivalent measure 
laboratory chilling The response diapause larvae well differentiated 
from that other stages and one can sure that specimen kept room 
temperature will not sometime emerge from diapause. These characteristics 
were found advantage when manipulating the insects for experiments 
development and emergence from dormancy. frequent source frustra- 
tion was the with which postdiapause larvae began develop 
when taken from the stubs and cocoons, where they normally overwinter and 
pupate, for treatment (7), but this itself eventually proved informative. 

interest the larva’s apparently unique capacity for returning 
diapause when has just gone through one such stage (7). Although 
cinctus poorly suited study the establishing its fall diapause, 
does provide opportunity study the establishing second, 
diapause. 


Materials and General Methods 


Sawfly larvae were collected, conditioned, and stored the same way 
those used the earlier work moisture conditions and diapause (7). 
Experimental material was thus prepared that was known diapause, 
postdiapause but otherwise undeveloped, postdiapause 
developed—as the material was needed. before, temperatures were 
maintained within 30°C. over, and within +0.5°C. 25°C. 
less. The same test before was applied for the presence diapause, i.e., 
larvae did not develop when incubated month more 25° their 
stubs then they were presumed diapause. Since about 
optimum for postdiapause development all incubation was done that 
temperature. The rate development 25° was taken standard and 
all references S-larval prepupal age are based it. 

For ligation experiments performed locate active endocrine center, 
larvae were removed from their wheat stubs and ligatures fine silk thread 
dipped molten paraffin and beeswax were tied tightly around them 
appropriate places. single knot was adequate because the wax held 
firmly enough prevent seepage fluids from one section another. 
ligated insects most organs thought possess endocrine function, e.g., the 
supra- and sub-esophageal ganglia and associated structures, the corpora 
allata, and the corpora cardiaca, were contained the head section. Isolated 
prothoraxes included nearly all the prothoracic glands, and abdominal 
sections the gonads. 
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Ligated larvae, pairs larvae parabiosis, and larvae that had received 
brain implants were incubated 25° wax cells lined with blotting paper. 
Slot-shaped cells were melted into blocks household paraffin wax, each 
quarter-pound block holding slots. Each cell was mm. deep and just 
wide and long enough accommodate sawfly pair joined sawflies. 
was lined with small folded rectangle blotter. After operated larva 
was inserted, one end the blotter was folded over and pressed around the 
insect. The blotter was moistened every three days, being allowed dry 
out for short time between wettings. Incubation was for two three weeks 
and the final data were based the numbers insects still alive that time. 
This rearing technique did not completely solve the problem inducing 
postdiapause larvae develop when extracted from their stubs, but enough 
developed when reared this way that useful data could obtained. 


standardized cytological method was employed throughout survey 
endocrine activity the larval prothoracic glands. Larvae were cut two 
and fixed Bouin’s fluid, run through ethanol series Terpineol, and 
embedded Tissuemat. They were sectioned and stained with 
Heidenhain’s iron hematoxylin and eosin first two other fixatives and 
two other staining procedures were also tried variety combinations. 
modified Lane’s fixative often shrank the cells badly, and Flemming’s (with 
without extra acetic acid) did not permit good differentiation secretory 
inclusions. Neither Krichesky’s modification Mallory’s aniline blue 
collagen stain nor Van Gieson’s connective tissue stain differentiated both 
nuclei and inclusions very satisfactorily. all combinations did show 
essentially the same features the glands’ cycle activity. 


For searching out and inspecting neurosecretory cells the brain more 
specific technique was required. Gomori’s chromium 
stain was used. The stain differentiates neurosecretory inclusions exceedingly 
well and has been recommended number authors. Dissected brains 
were fixed Bouin’s fluid, embedded Tissuemat, and cut There- 
upon the schedule Gomori (16) was followed save for slight alterations 
timing. 


Control Postdiapause Morphogenesis the Prothoracic Glands 


the first part this investigation three things were sought. The results 
would determine the course other experiments. The information required 
was (a) whether cinctus larvae have prothoracic glands, whether the 
activity these glands initiates pupation mature S-larvae, and (c) whether 
inactivation the glands causes diapause, which occurs between matura- 
tion the larvae early fall and their metamorphosis the spring. Are 
there prothoracic glands this species that secrete growth and differentiation 
hormone soon after diapause development finished, and will that hormone 
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LIGATION AND PARABIOSIS EXPERIMENTS 


Sawfly S-larvae from which chilling had eliminated diapause were ligated 
just behind the prothorax, mesothorax, metathorax. They were incubated 
wax cells 25° already described and were examined periodically. 
The chilling had lasted long enough that most larvae had passed through 
the transition period and were ready begin postdiapause development 
promptly. Another series was first incubated their stubs for three days 
25° and then ligated the same the others. The exact position the 
ligature proved inconsequential, and Table the three groups each 
series are combined. 


TABLE 


METAMORPHOSIS OF POSTDIAPAUSE LARVAE OF C. cinctus LIGATED 
BETWEEN THE PROTHORAX AND ABDOMEN 


Number insects which the following 


Number days Total Total parts developed: 
preliminary incubation number 
25°C. ligated surviving Anterior Posterior Neither 


retarded. 


the first and less advanced series none the isolated abdomens began 
development, whereas the anterior portions developed more than half the 
specimens. the older S-larvae the second series many abdomens under- 
went metamorphosis despite the constriction, though some developed later 
than the anterior parts. Abdomens which development was slower than 
the thoraxes are described Table There must 
anterior center from which metamorphosis stimulated. Moreover, there 
critical point beyond which the impetus furnished the center longer 
requisite for development. many the older specimens this critical 
point had passed. Since results are similar whether ligatures are applied just 
behind the prothorax further back, the stimulatory center probably 
the head prothorax. 

Controls were incubated their stubs. Approximately one third them 
became prepupal between the fourth and fifth day, and another one half 
between the fifth and sixth, leaving only one sixth them still S-larval. 
the treated series the abdomens one third one half the larvae were 
capable development when ligated the third day. Roughly the same 
proportion them would have been prepupae two days later had they not 
been constricted. The critical point for the pupation stimulus may 
estimated about two days before the prepupal transformation. 

remained locate the stimulatory center more accurately and confirm 
the time its activity. Larvae exactly the same stage those used before 
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were each ligated two places: between the head and prothorax, and 
between the metathorax and abdomen. Others were similarly treated but 
were first permitted develop their stubs 25° for and days. 

The majority larvae ligated the fourth day exhibited some development 
all their parts. six the group constricted the third day only the 
thorax developed, while the abdomen and head underwent change from the 
original S-larval form (Fig. other specimens this 3-day group 
which all three parts eventually did develop, development most the 
abdomens and heads lagged behind that the thorax few days. Few 
larvae that were ligated earlier than the third day incubation developed 
evident that the source the stimulus pupal differentiation the 
thorax, not the head. Complete results are presented Table II. 


TABLE 


METAMORPHOSIS OF POSTDIAPAUSE LARVAE LIGATED BEHIND THE HEAD AND METATHORAX 


Number which the following 


Number days Total Total sections developed: 
25° ligated Head Thorax Abdomen None 

Retarded. 


Nine and eight retarded, respectively. 


About half the the critical point between the second and 
third day, and two thirds had passed the fourth. may recalled 
that the controls one third became prepupal between the fourth and fifth 
day, and five sixths were prepupal the sixth day. Comparison the two 
indicated that the crisis does occur, the average, about two days before the 
prepupal transformation, previously suggested. Later experiments showed 
that other batches larvae the crisis generally occurred later, about one 
day before the change prepupa. 

Anterior sections ligated larvae, especially isolated heads, did not survive 
well more posterior ones, perhaps because oxygen shortage. Yet, 
frequently, developing thorax even head lived long enough become 
mature pupal section. Compound eyes became pigmented, mouth parts, 
legs, and wing buds formed, and the larval exuvium was loosened, though 
could not shed. Sometimes pigmentation the pupal integument beneath 
the exuvium occurred. Other visible changes employed deciding whether 
not section insect had developed were the formation optic lobes 
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the brain, straightening out the abdomen, the fine crinkling pebbling 
the integument that indicated the digestion its inner layers preparatory 
molting, and the digestion the fat body, all which are prepupal characters. 
The external appearance prepupa can compared with that mature 
S-larva from Figs. and 

The first experiment described above showed that the stimulus must 
derived from the head prothorax, and the second showed that comes from 
the pro-, meso-, meta-thorax. Its source, therefore, must the prothorax, 
since this the only segment common the two regions found active. 
More operations were performed confirm this deduction. 


Larvae presumed near the critical point were ligated behind the head 
and the anterior margin the mesothorax. eliminate the possibility 
hormone seepage from the brain into the prothorax the head was cut off 
front the first ligature. Most the isolated prothoraxes soon died. Never- 
theless, addition several specimens which positive results were question- 
able, five prothoraxes did begin molt while the attached posterior sections 
remained unchanged. Successful results were also achieved least five 
other specimens which ligature was applied just behind the prothorax and 
the anterior half the head cauterized destroy the brain. The factor that 
stimulates metamorphosis after diapause, therefore, must certainly come from 
the prothorax. 

The idea that the stimulus hormone diffused the hemolymph was 
investigated next. Larvae were joined pairs tail tail, that the two 
blood supplies were confluent. The tips the abdomens two larvae 
different stages development were severed and the ends glass microtube 
thrust into the wounds. Ligatures were placed just front the wounds, 
binding the larvae the tube. parabiotic pairs which developing 
prepupae were joined diapause S-larvae, the blood from the prepupa 
caused the S-larva commence pupal development. Most likely hormone 
the prepupal blood was responsible. Over similar pairs lived least 
two weeks but the S-larva did not develop. The surgery and the possibility 
some prepupae being unable provide enough hormone for pair insects 
would account for their failure. large number controls which both 
were diapause proved that the surgical treatment alone was never 
effective breaking dormancy. 

That hormone produced the prothorax makes postdiapause morpho- 
genesis possible seems, therefore, well established. its origin 
and effect can considered sufficient evidence, one may conclude that the 
equivalent the growth and differentiation hormone (GDH) other insects. 

The relationship between the GDH and diapause that Williams (52-54, 57) 
demonstrated Platysamia pupae can, with reasonable certainty, assumed 
exist wheat stem sawfly larvae also. Essentially all that restrains the 
morphogenesis diapause sawfly lack GDH. the hormone 
artificially supplied diapausing tissues they are competent develop. 
The last statement may best taken with some reservation, though seems 
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true its main implications. can induced artificially 
any stage diapause but seems easier the subject part way through it. 

Parabiotic experiments with cinctus gave the impression that stronger 
stimulus required larvae fall diapause than larvae which 
second diapause has been established right after the first. The latter insects 
probably were still not completely readjusted dormancy and retained some 
the advantage their original diapause development. 

According Grison (17) Leptinotarsa reacts way that may com- 
parable. Active brains are less effective when implanted into adults that 
have just entered diapause than adults two months more advanced but 
still definitely diapause. 


EXAMINATION THE PROTHORACIC GLANDS 


Evidence was still meager that the pupation stimulus cinctus the 
prothoracic gland’s growth and differentiation hormone; but prothoracic 
glands were found and their activity was correlated with pupation, then 
certainly that would sufficient. Holmes (21) had just found paired strands 
tissue the sawfly larva’s prothorax that resembled the descriptions 
prothoracic glands other insects. Cytological examination these organs 
would show whether they were glandular and, probably, when they were 
active. The latter information would particularly interesting when 
compared with the critical point determined earlier ligation the insects. 
Accordingly, more than 300 cinctus larvae various stages were fixed, 
sectioned, and stained the procedure already outlined. 

The suspicious strands tissue did prove prothoracic glands. 
either side the insect the gland extends along the lower two lateral 
tracheal trunks from inside the head capsule back almost the first thoracic 
spiracle. Throughout most its length closely appressed the trachea 
and generally only single layer cells. the neck thicker branch 
leaves the trachea and extends ventrolaterally the body wall. The 
prothoracic glands cinctus resemble more closely those many 
Lepidoptera than those Apis described L’Hélias (20). 

The glands can readily recognized prepared sections but dissections 
vitally stained with methylene blue neutral red they cannot surely 
defined. They merge with thick agglomerations cells surrounding the 
tracheae where these join the spiracles. Just before the S-larva re-forms into 
the prepupa there proliferation and growth the tracheal epithelium, and 
this time the gland nearly lost among the epithelial cells. 

During development the glands exhibit striking cellular changes. That 
these changes are closely linked with metamorphosis may realized from the 
descriptions that follow. 


The Prothoracic Glands During Diapause Development 
Larvae three different stages diapause development were examined. 
The first had received chilling and therefore had not begun diapause 
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development, the second had been 10° for one month, and the third 
had been for three months. The last group was presumably near 
the end diapause but had not yet completed it. The structure the 
glands was the same all three groups. Throughout diapause the glands 
are obviously inactive. nuclei are small and flaccid. not stain 
very darkly and contain none the granular inclusions that signify the onset 
endocrine activity. The cytoplasm weak-staining, contains inclusions, 
and riddled with many very large vacuoles (Fig. 4). 


The Prothoracic Glands During Postdiapause Development 

Larvae collected early the spring were conditioned that 
postdiapause development would begin promptly and uniformly possible. 
This material was then put 25° and samples were fixed each the 
descriptions below, those pertaining the last four days S-larval life and 
the prepupa are based this series. Other, less advanced but less uniform 
material had used for the earlier stage (age, prepupal minus days). 

Several representative stages were re-examined material from other 
sources and gathered another season. The behavior pattern determined 
for the glands was confirmed. 


S-larvae Due Become Prepupae Days (Aged Prepupal Minus 
days) 

The prothoracic glands appear more turgid than diapause insects. 
Nuclei are fairly large and round, but still clear, except the rare specimen 
where few nuclei are rather dark. There are inclusions the cytoplasm, 
and vacuoles are still numerous. 


S-larvae Aged Prepupal Minus Days 

Glands are turgid, nuclei large and rounded. Throughout most the 
gland the nuclei are clear and have notable inclusion granules. Cytoplasm 
clear and light (Fig. However, the loose strand tissue stretching 
from the trachea the body wall some cells are beginning show signs 
hormone production: nuclei dark with granular inclusions occurring especially 
periphery, cytoplasm still very clear (Fig. Activity apparently begins 
the lower anterior part the loose strand, later spreads the rest the 
loose strand and from there the posterior part the gland. 

The beginning activity was apparent nearly all specimens and some 
was slightly more advanced. Thus the above description applies best 
S-larvae about four days before the prepupal stage. 


S-larvae Aged Prepupal Minus 2-3 Days 

Nuclei are generally dark, filled with small, densely staining, granular 
inclusions. the cytoplasm many cells nearly all specimens numerous 
small granules have appeared, first showing around the nucleus. This 
change probably begins about three days before the prepupal transformation. 


Fic. cinctus S-larva ligated behind head and metathorax shortly before GDH 
crisis. Head and abdomen retaining their S-larval form; thorax developed pupal stage 
(note patches dark pigment under larval exuvium the thorax). 


Fic. cinctus S-larva. characteristically curved, skin smooth. 
Fic. cinctus prepupa. Body straight, skin finely wrinkled, compound eyes 
formed and colored. 


Fic. loose strand the prothoracic gland near its junction with the 
trachea diapause S-larva. lightly stained and vacuolated; nuclei small and 
flaccid. 

Fic. Section loose strand prothoracic gland. Postdiapause S-larva aged 
about prepupal minus days. Cells lightly stained; nuclei fairly large and round. 
490. 


PLATE 
x 


PLATE 


Fic. Section prothoracic gland cells attached trachea. Postdiapause S-larva 
about prepupal minus days. Some nuclei dark-staining. Section 
prothoracic gland its junction with the trachea. S-larva about prepupal minus days. 
Secretory material nuclei and cytoplasm stained very dark. Two 
prothoracic gland cells appressed trachea. S-larva about prepupal minus day. 
Some granular inclusions nuclei; cytoplasm filled with dark-staining secretory material. 
Fic. Section prothoracic gland near its junction with the trachae. Prepupa 
about days old. Nuclei and cytoplasm light-staining; large, dark inclusions the 
cytoplasm. Section prothoracic gland cell either side trachea. 
Prepupa about days all traces inclusions gone. 11. Section 
prothoracic gland near its junction with which diapause has just 
been reinstated 7-day exposure Note close resemblance Fig. 
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about half the insects some these granular cytoplasmic inclusions have 
apparently coalesced form larger masses, which may then appear 
moderately large droplets. This begins about two days before the prepupal 
stage reached. 

believed that the hormone produced the cell nucleus, from there 
passes into the cytoplasm, and thence soon flows into the blood. The 
appearance sizable droplets the cytoplasm probably indicates that the 
liberation the growth and differentiation hormone has begun. 


S-larvae Aged Prepupal Minus Days 

Hormone secretion apparently full swing. Most nuclei are very dark 
with many granules (Fig. 7), though scattered nuclei may clear. Cytoplasm 
generally dark with many granules and large, amorphous droplets 
aggregations granules. Some cells are completely dark. 


S-larvae Aged Prepupal Minus 0-1 Day 

Some nuclei are still dark and filled with granules, but most have now 
cleared somewhat. Cytoplasm contains large, dark, dense, amorphous drops 
secretory material, some them appearing fill the entire cytoplasm 
(Fig. cells have many smaller droplets. 


Prepupae Less than Day Old 

Nuclei many specimens are still rather dark. They have been growing 
increasingly large and rounded until this stage. contains large, 
dark, amorphous drops; the drops are more compact and well-defined than 
previously. 


Prepupae Days Old 

Nuclei are clear; cytoplasm clear but contains large drops, typically one 
drop per cell, about two thirds the size the nucleus and very clearly defined 
(Fig. cells have probably ceased endocrine activity. Except for the 
presence drops the cytoplasm they appear quite inactive; certainly the 
nuclei have stopped producing new material. 


Prepupae 2-4 Days Old 
some cells the cytoplasmic drops are noticeably reduced size and 
appear crescents applied the outside the nucleus. 


Prepupae 4-5 Days Old 
Cytoplasmic drops appear only small shadows. 


10. Prepupae Days Old, Ready Pupate 

Both cytoplasm and nuclei are completely clear (Fig. 10). 

summary, the prothoracic glands appear not directly concerned 
with diapause development, apparent changes them occurring during 
that period. They are activated only after diapause over. Signs 


a 
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activity appear least four days before the transformation prepupa, and 
the glands probably begin releasing the GDH into the blood least two days 
before the prepupal stage. They continue secrete for about the next four 
days. Ligation experiments with specimens from this stock sawfly larvae 
showed that critical amount GDH had accumulated the blood day 
before the prepupal stage, i.e., about one day after its secretion began. 
that point the head abdomen were isolated from the thorax its meta- 
morphosis would not stopped. The extra hormone released after that 
might regarded providing safety margin. 


EXTENT CONTROL OVER IMAGINAL DIFFERENTIATION 
EXERTED THE GDH 


Information that shows imaginal development does not come dead 
halt during diapause becoming increasingly common. The survey the 
prothoracic glands incidentally furnished additional example this. The 
cell masses the brain that ultimately form adult structures and the definitive 
imaginal legs and wings enlarge throughout the dormant period, though only 
slowly. Typically they may double sectional diameter during diapause, 
before the GDH released. They must independent the GDH toa 
point, but they could never mature without it. 

The same principle well illustrated some work done collaboration 
with Margaret Rowlatt Mackay the larval testes cinctus. Spermato- 
gonial mitosis not interrupted diapause. Rather, runs parallel 
diapause development, proceeding more rapidly 10°C. than either 
warmer cooler temperatures, though cell divisions continue even 
However, the GDH must available before the cells can differentiate, 
before meiosis and spermatid formation can occur. the GDH not 
supplied opportunely, any spermatocytes already formed 
degenerate and are sloughed off, but they are continually being replaced 
new ones produced from less advanced spermatogonia. 

Schneider (40, 41) has reported extensive growth and maturation 
imaginal tissues dormant syrphid larvae. some species Syrphidae 
imaginal structures are sufficiently mature the time the larva fully fed 
that can pupate without other species the imaginal organs lag 
far behind their growth and these insects enter diapause the end the 
larval stage. Their imaginal organs grow fairly rapidly low temperatures 
and are when diapause over. Indeed, Schneider attributes 
diapause the inhibition growth the imaginal anlagen and their resulting 
and thinks that cannot end until the organs attain 
normal maturity. 

equal interest are the reactions the imaginal tissues and the processes 
metamorphosis when the prothoracic glands begin secrete after diapause. 
When minimum concentration GDH the blood has been attained 
the imaginal tissues and organs responsible for molting will respond. But 
seems that more hormone needed sustain the processes that started. 
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Some may needed merely replenish what breaks down, but also higher 
concentration hormone may required development continue 
beyond its most primary stages. any rate the processes molting and 
metamorphosis not immediately lose their dependence upon the GDH, 
but require its continued presence for time after morphogenesis has begun. 
far this known true Drosophila (46) and Platysamia (22). 

cinctus, too, there seems interval after metamorphosis has 
begun when interruption the flow GDH will stop development. 
postdiapause larvae are removed from their stubs and cocoons after the 
critical point the GDH secretion cycle, least after estimated 
have occurred, nearly all them pupate. Fewer develop taken from the 
stubs short while before the crisis, and when extracted several days before 
many them sometimes will not develop though they live for months, 
seemingly healthy (7). The reason for the developmental failure may 
that the GDH not secreted, its secretion interrupted. The results 
examination prothoracic glands larvae whose metamorphosis was 
thus inhibited support such idea. Some glands began secrete, 
least manufacture, GDH but did not progress very fast far. 

certain specimens the crisis comes much later than the time estimated 
for typical larvae. Occasionally even very young (but unmistakable) 
prepupa will develop further when taken out the stub. must have had 
sufficient GDH begin metamorphosis but not enough carry on. Very 
young prepupae, unlike the more advanced ones, often stopped developing 
developed incompletely when joined parabiosis diapause insects. 
such case did their diapause partners develop either. 

These observations indicate that the continued secretion GDH 
necessary cinctus until development well established. Usually 
dispensible one even two days before the prepupal transformation, but 
sometimes not until after the prepupa has formed. Further, the observations 
presuppose that the production GDH may hampered developing 
S-larvae young prepupae are disturbed. Perhaps the prothoracic glands 
are under the influence the brain and nervous system and remain until 
well into their secretion cycle. 


Influence the Brain the Prothoracic Glands 


The control exerted the prothoracic glands over postdiapause morpho- 
genesis cinctus has been fairly well established. But one must back, 
several steps perhaps, along the course the insect’s development before one 
reaches the diapause stage itself. This section concerns the first step back, 
where attempts were made determine what controls the prothoracic glands, 
what impels them activity after their long rest. was related the 
introduction that the brain known function thus few insect species. 
Therefore seemed reasonable concentrate upon the brain cinctus 
and the possibility that produces hormone that acts upon the prothoracic 
glands. 
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Ligation and Implantation Exeriments 

Thirty-five larvae were constricted close behind the head when prepupal 
minus days age. Another were incubated their stubs for three 
days until they were prepupal minus days age and then were similarly 
ligated. Controls the same ages were ligated behind the thorax. either 
age group long there was constriction between the head and prothorax 
the thorax more often than not was able develop. Despite constriction 
behind the head the prepupal minus 2-3 day group the thorax was able 
develop some larvae. off the head the prepupal minus 5-6 day 
group, however, blocked development all specimens (Table 


TABLE III 


DEVELOPMENT POSTDIAPAUSE S-LARVAE LIGATED 


Number which 


Age when ligated Where ligated Number surviving thorax developed 
Prepupal minus days Behind head 
Behind thorax 
Prepupal minus 2-3 days Behind head 
Behind thorax 


Essentially similar experiments were repeated many times. Postdiapause 
S-larvae were operated upon various stages development. Some were 
the first part their transition period and others much couple 
weeks 25° more advanced, which time they were about five days 
from becoming prepupae. Even when not deprived the function their 
brains many such larvae did not develop when taken from their stubs. When 
the head was removed the brain destroyed cautery none them 
developed all. When the S-larvae were close three days the change 
prepupa destruction the brain removal the head reduced the chances 
developing from perhaps 70% 10%. was judged from sections and 
dissections operated specimens that treatment affected only endocrine 
organs within the head. Cautery the front the head and the brain did 
visible damage the prothoracic glands, and ligation seldom injured more 
than small portion the anterior parts them. 

These experiments, considered themselves, seem reasonably convincing. 
would appear that the brain some organ closely associated with the 
head produces stimulus that activates the prothoracic glands. Typically 
seems produced effective amount two three days before the 
prepupal stage. The exact time the critical point appears very variable; 
can earlier and often later. After this crisis the brain’s activity the 
prothoracic glands become dissociated from its influence and shortly after 
reach crisis their own, turn becoming dispensible. 

Other experiments done conjunction with the preceding ones showed the 
real situation more complex than proposed the last paragraph. 
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all experiments taken together the thorax developed two thirds the 
specimens ligated behind the metathorax the head was removed the brain 
cauterized well. The thorax developed less than half those that were 
just ligated once, behind the metathorax. Loss the brain evidently 
stimulated metamorphosis the isolated anterior section. The experimental 
material was from various sources and ranged age from prepupal minus 
days prepupal minus day. 

order corroborate this observation, S-larvae aged prepupal minus 
8-12 days and prepupal minus 0-3 days were operated upon. Fifty each 
age were constricted behind the thorax and their brains destroyed with hot 
needle, were just constricted behind the thorax, were just cauterized, 
and another were not operated upon. were then incubated wax 
cells usual. The results are shown Table IV. expected, the thorax 
most frequently developed the specimens where the two operations were 
combined. itself, destruction the brain hindered development 
had other experiments. 


TABLE 


STIMULATION OF THORACIC DEVELOPMENT BY COMBINED LIGATION AND BRAIN CAUTERY 


Number which: 


Thorax Thorax did 

Treatment Age when treated developed develop 
Untreated controls Prepupal minus 8-12 days 
Brain cauterized Prepupal minus 8-12 days 
Ligated behind thorax Prepupal minus days 
Ligated behind thorax and brain Prepupal minus days 
cauterized Prepupal minus days 


The experiment was repeated another season with prepupal minus 1-3 day 
larvae. Results were practically the same. This time ligature behind the 
thorax stimulated thoracic development, but, again, there was much greater 
effect when one behind the head was added it. 

explanation can offered for this unusual effect. ligature behind the 
thorax would confine all the GDH the front the insect, and that could 
critical cases where too little was produced initiate morphogenesis the 
whole animal. But why should loss the head the brain and neighboring 
tissues further stimulate development the thorax when separated from 
the abdomen, yet hinder that development when thorax and abdomen are 
left union? There seems simple answer. 
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Previously was proposed that cinctus the prothoracic glands may 
activated simple, direct stimulus from the brain. The experiments just 
described, however, weigh against the suggestion. Sometimes destruction 
the brain (or better, the operations which the brain, among other things, 
destroyed) inhibits development, and sometimes promotes it. Certainly, 
more involved than simple stimulation the prothoracic glands. 
interaction between the brain and the prothoracic glands indicated, although 
this point its nature has remained elusive. 

More information was sought different means. Brains were dissected 
Ringer’s saline from postdiapause S-larvae prepupal minus days 
age. Three brains were implanted into the abdomen each host larva 
through incision the abdominal tip which was then closed with ligature. 
The hosts were diapause S-larvae that had received chilling. rigorous 
sterile technique was employed, but care was taken keep all materials and 
animals clean. Twenty-one out 103 experimental specimens lived for 
more than three weeks. these, two became prepupae about two weeks. 
Seventy-nine controls that had received injection Ringer’s but brain 
implants lived least three weeks, but none developed. The results are 
meager but significant; there can little doubt that the two larvae that 
began morphogenesis were made the implanted brains. The brain, 
apart from its associated organs, evidently able activate the prothoracic 
glands. All connective nerves from the brain were broken when the implants 
were made. Therefore the operating medium the successful brains was 
most likely hormone. 

Hormone secretion may not the only function the brain this regard, 
but would seem some importance. Actual evidence endocrine 
activity the brain would give this conclusion better foundation. was 
thought that such evidence might gotten from cytological study the 
brain cells. 


Survey Neurosecretory Cells the Brain 


Brains from progression sawfly larvae were removed, fixed, sectioned, 
and stained with Gomori’s chromium hexatoxylin phloxin. all, well over 
brains were examined. Brain cells cinctus are very small that 
even under very high magnification little detail Nevertheless, because 
the excellent differentiation neurosecretory inclusions that can achieved 
with Gomori’s stain, the survey was reasonably successful. 


Traces neurosecretory activity were found occur all stages investi- 
gated and many parts the brain had one two secretory cells. Several 
active cells were often found the ventral region each hemisphere but 
they formed discrete body and their activity seemed irregular. Two 
conspicuous neurosecretory cell aggregations occur the dorsal part each 
hemisphere and each forms fairly compact mass. They are obviously the 
cell groups that commonly are seen the insect protocerebrum and that 
have been linked with the reactivation Platysamia the end diapause 
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medial group extends several cell layers inwards from the hemi- 
sphere’s dorsal surface. near the center the brain and usually merges 
with its counterpart the other side. one hemisphere the group may 
contain many active cells. The other cell mass also extends inwards 
from the dorsal surface the hemisphere but nearer the lateral edge. 
smaller, and active cells were the most seen one group. The position 
and appearance the two pairs cell masses are very similar those 
Lophyrus described and illustrated L’Hélias (19). 

Though larger than most other brain cells cinctus, the neurosecretory 
cells were mainly distinguished the great numbers small, round droplets 
that were often contained the cytoplasm. These inclusions were the only 
structures that stained intense black with Gomori’s stain, distinguishing 
characteristic neurosecretory material.. Both the medial and lateral groups 
exhibited progressive increase and decrease the number and size 
secretory inclusions the insects developed. The changes are summarized 
Table 

The time most intense activity did not coincide for the medial and lateral 
groups, occurring later the latter. inner groups began increase 
markedly activity before the end diapause, and reached peak during 
the transition phase. When larvae were still week two from becoming 
prepupal, secretory activity began decline, the prepupal stage drew 
near, the cells became nearly bereft inclusions. Cells the lateral groups 
had some inclusions even during the early part dormancy and there was 
sizable increase until the prepupal stage was about week away. The rise 
and fall activity the lateral cells was much less conspicuous than the 
medial ones. 

The more intensive activity the medial neurosecretory cells and the fact 
that concentrated into sharper peak suggests that they are the more 
important. But the timing the activity either the medial lateral cells 
fits with the idea that the brain initiates postdiapause morphogenesis, and 
that does this part endocrine action, its neurohormone presumably 
stimulating the production GDH the prothoracic glands. 

The peak the brain’s activity, judged from the presence inclusions 
the neurosecretory cells, occurs least week, perhaps two more, before 
the activation the prothoracic glands complete. After the neurohormone 
seen abundance the cell cytoplasm long interval elapses before can 
finally have accomplished its effect. The interval must important one 
but not know what happens during its passage. 

tempting think that specific amount neurohormone required 
activate the prothoracic glands insect, that before this crucial quantity 
has been released the glands are wholly inactive, and that once the right 
quantity has been produced the glands are activated (or will soon 
takes effect), and from then have further demands upon the neuro- 
secretory cells. But this cannot true. cinctus noticeable changes 
take place the prothoracic gland cells least one day, but more commonly 
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several, before the glands can carry alone. they continue 
depend upon the neurohormone for time after their reactivation has begun, 
the neurohormone itself always the whole job—or, course, 
both. 

The presence inclusions the neurosecretory cells not necessarily 
sign that free neurohormone shortly appear the blood some other 
way made available the prothoracic glands. may not released 
act upon the glands until days later. There some possibility that travels 
from the cell bodies along nerve fibers the prothoracic glands. so, the 
trip might take some time. 

Protocerebral neurosecretory cells insects are functionally related two 
endocrine systems, the system (2, 19, 36, 45), well 
the prothoracic glands (48, 51, 53, Moreover, judging from the descrip- 
tions the literature just mentioned, the same cell groups are involved. The 
secretion from the neurosecretory cells normally follows the axons originating 
from the cells into the corpora complex. Arvy and Gabe 
(2) found some Plecoptera that pair nerves continue from the 
corpora allata into the prothorax. These nerves also carry neurosecretory 
material. they some chance lead the prothoracic glands and 
they convey some the neurohormone there? From the standpoint 
conserving the neurohormone that the insect produces would 
advantageous confine the parts where useful. Cutting the 
connectives from the brain has been demonstrated interfere with its activity. 
Calliphora implantation brains and ring glands (whose lateral cells are 
homologues the prothoracic glands) with the connectives intact between 
the two was shown more likely effect metamorphosis than 
the same organs with the connectives severed (29). 

the other hand also true that cutting their axons does not com- 
pletely prevent the neurosecretory cells from functioning. This evident 
from the fact that brains implanted without intact nervous connections have 
many times been demonstrated effective. (In this connection may 
may not significant that many such brain implants, though viable, are 
ineffective even where several brains are used one host.) Although may 
normally follow nerve fibers, the neurohormone can obviously also released 
into the blood and still accomplish its task. 

Nervous links between ganglia and glands may well important quite 
apart from the conveyance neurohormone. There much suggest that 
the relationship the brain the prothoracic glands not merely one 
simple stimulation the appropriate time, although the brain evidently does 
that, too, and sometimes sufficient. But addition seems exert 
limited control over the glands. This might involve nervous well 
endocrine elements and, course, other organs besides the brain and 
prothoracic glands. 

Most certainly, insufficient that the one neurohormone should simply 
activate both the system and the prothoracic glands the 


q 
q 
q 
i, 
q 
q 


360 CANADIAN JOURNAL ZOOLOGY. VOL. 


same time close sequence, with neither the neurohormone nor other 
elements the brain other organs having any influence control over the 
glands from then on. Else how could the balance between juvenile and 
imaginal development, not mention diapause, delicately adjusted, 
emphasizing first one, then the other, thereby produce the different phases 
larval development, metamorphosis, and reproduction their proper 
places? 


Environmental Inhibition and Stimulation Morphogenesis 
Postdiapause Larvae 


The healthy and vigorous sawfly S-larvae begin post- 
diapause development out the stub still source some puzzlement. 
was especially first because inside the stub they are not particularly 
sensitive adverse physical conditions. Desiccation will inhibit meta- 
morphosis but only severe was later realized that even out 
the stub not such things unfavorable moisture light conditions that 
discourage development. Care keeping the larvae moist, but not too 
moist, avoiding even the shortest exposure light avails little. 
Thousands larvae have been used attempts rear them out the stubs 
under what would seem the most favorable conditions; they live but 
the majority not pupate unless they are already near the GDH crisis. 

Actually, such treatments short periods drying alternated with wetting, 
short exposures heat, and dipping sulphuric acid often stimulate more 
them develop, but are never completely effective. Constant exposure 
light inhibitory. The rearing method used throughout this work— 
incubation wax cells lined with blotting paper, where the paper pressed 
closely around the insect and kept alternately moist and dry—has for some 
reason proved the most productive. Thus handled, most develop they are 
about three days from becoming prepupal. Other attempts imitate the 
insects’ natural habitat—wrapping them paper, enclosing them glass 
cellophane tubes—were not very effective. 

The stub which the larva lives lined with continuous membranous 
cecoon, and really the crucial thing rather than the stub. larva will 
pupate readily cocoon extracted from the stub will one left 
place. The idea was once considered that the larva may depend upon 
particular atmosphere created the cocoon serving partial barrier the 
diffusion gases. This idea was abandoned when S-larvae were found 
develop well broken incomplete cocoons. They were reared stubs 
that were split open and tied together again after the cocoons had been 
removed. ‘They fashioned new cocoons sort, very thin and discontinuous, 
and then all pupated. 

After consideration the things mentioned above the most plausible 
explanation for the inhibitory effect extraction from the cocoon may 
that the the larva’s surrounding—their texture and shape—is partly 
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responsible for its behavior. Sensory stimuli received the brain perhaps 
affect its messages, hormonal and nervous, the prothoracic glands. 

interpreted this way, the insect’s behavior strengthens the view that 
the prothoracic glands are controlled the brain. Because the nature 
the stimuli (the physical structure the habitat, short periods drying and 
wetting, quick dips strong acid, short heat exposures) that can some 
extent influence the initiation postdiapause development, seems less likely 
that they would affect the prothoracic glands directly than indirectly through 
the brain. 


The response cinctus various stimuli may comparable the 
responses some other species treatments. singeing, 
oviposition parasite, sharp temperature changes, and the action acids 
and other chemicals have been reported numerous papers effective 
breaking diapause. Andrewartha (1) has suggested, these fact probably 
more than prompt somewhat premature reactivation insects with 
diapause those nearing the end one after having 
completed the main part diapause development. Thus the sensitive stage 
these species little different from that cinctus. The shocks 
presumably stimulate the nervous system. Once the stage nearly set for 
the new phase development, strong stimulus will sometimes invoke the 
mechanism prematurely, causing development begin 
immediately. 

least one species has have final stimulus the end diapause 
itcan gonofurther. Locusta eggs, even reared during diapause constant 
temperature well above the threshold development, will not start post- 
diapause development unless stimulated rise temperature (3). 
worth recalling, too, that Wigglesworth (47) demonstrated that the brain 
Rhodnius triggers the molting process response stimulus provided 
distension the abdominal wall accompanying the ingestion large meal. 
many other species outside stimuli are likely much less decisive perhaps 
totally without effect. 

Oftentimes the brain becomes insensitive such stimuli early stage 
the cycle. many cases, even occasionally cinctus, 
activated brains have become sufficiently independent before secreting the 
neurohormone that they can continue function even when excised and 
implanted new hosts. Some experiments Bounhiol (6) Bombyx 
larvae illustrate this point very well. certain stage development 
severance the brain’s nervous connections its removal and reimplantation 
prohibits development. About hours later, however, removal the brain 
prevents development, but its immediate reimplantation allows development 
proceed, despite the fact that all the brain’s nervous connections with the 
rest the body were severed before. 


other instances, however, there apparently much overlap sensitivity, 
where the brain still susceptible influence sensory stimuli long after 
neurosecretion has begun, and, related earlier with regard some cinctus 
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specimens, the prothoracic glands remain susceptible influence the brain 
when GDH secretion well under way. Thus could young sawfly prepupa 
inhibited from further development when taken from its cocoon. The 
argument looks reasonable, though thin places. 


Reinstatement Diapause 


The ability cinctus S-larvae revert diapause when warmed 
35° was demonstrated Salt remain viable after several 
weeks 35°C., exhibiting outwardly visible development during that 
time, whereas prepupae become comatose and die. Salt’s (34) experiments 
have also shown that diapause can reinstated some specimens low 
30°C. that temperature some S-larvae will also develop into normal 
adults, whereas still others develop abnormally and eventually die. 

Diapause reinstated the most susceptible members population 
two days and six eight days’ exposure, opportunity made, 
enough affect all them. The response such larvae chilling and 
identical with that normal diapause larvae (7). Moreover, 
ligation and parabiosis experiments have shown that morphogenesis resumed 
response the GDH just the case fall diapause. Thus the 
reinstated, diapause closely resembles the original. 

The effect 40° much weaker than that 35°C. Repeated testing has 
proved this rather remarkable observation true. typical example 
shown Table VI, the result experiment which samples about 
larvae the stub were kept 35° and 40° moist soil for and 
days. They were incubated and the extent diapause reinstate- 
ment was figured from the number larvae that failed develop. Five 
seven days returned many more insects diapause than did 
equal period should mentioned that, although longer periods 
40° are lethal, seven days 40° 35° did not cause any mortality. 


TABLE 
PERCENTAGES S-LARVAE WHICH DIAPAUSE WAS 


REINSTATED EXPOSURE 35° AND 
40° FOR VARIOUS PERIODS 


Temperature 


days 
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Forty-five degrees centigrade lethal within about two days, and sublethal 
treatments arrest development. However, few larvae which development 
arrested exposure 45° can diapause because chilling does not 
reactivate them. few specimens develop but most eventually die S-larvae. 
This sharp contrast with the response larvae treated 35° 

The problem remained defining the stage during which sawfly larvae are 
capable returning diapause. For this purpose postdiapause S-larvae, 
conditioned begin development promptly, were incubated 25° 
Each day samples were removed from incubation and (a) four groups about 
larvae their stubs were subjected 35°C. for days reinstate 
diapause wherever possible, group were ligated behind the thorax 
determine the number that had passed the crisis GDH secretion, and 
(c) group about larvae were examined determine the number that 
had transformed into prepupae. The three series may compared from 
the summary results Table VII. 


TABLE VII 


PERCENTAGES OF LARVAL POPULATION AT CERTAIN STAGES OF DEVELOPMENT AFTER 
INCUBATION IN THEIR STUBS AT 25° C. FOR VARIOUS PERIODS 


Percentage population that: 


Incubation Had passed susceptible stage for Had passed Had become 
stubs, days diapause reinstatement GDH crisis prepupae 
100 


adequate amount GDH was secreted about day before the prepupal 
transformation. The susceptible stage for diapause reinstatement ended 
about day before the prepupal transformation also. Actually was slightly 
less than one day the larvae that transformed first, and little more the 
slower insects. concluded that the point where the ability return 
diapause lost coincides reasonably closely with the secretion effective 
concentration differentiation hormone. 


the GDH crisis has not yet passed, postdiapause S-larvae can revert 
dormancy whether they have just emerged from diapause are only day 
two from being prepupal. does not matter whether they are heated before 
after the transition stage. they have not already begun postdiapause 
development, the first few hours the first day 35° forces them the 
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point where they are ready begin without delay. For example, larvae 
just out diapause, when subjected 35° 40° for day and then 
incubated 25° C., become prepupae about days. would have 
taken them two three times long they had been incubated 25° 
unheated. 

Examination the prothoracic glands and brain during the process 
diapause reinstatement suggested mechanism that might possibly the 
one whereby reinstatement brought about. Stained sections were prepared 
before from postdiapause larvae that had been warmed 35° for 
and days, and days followed days incubation The week 
35° returned all specimens diapause planned. 

the beginning the treatment the larvae were three four days from 
being prepupae, and some the lower anterior cells the prothoracic glands 
had begun show signs activity. change was apparent after just two 
days 35°C. but thereafter the inclusions that were originally present 
gradually disappeared. Nuclei and cytoplasm became very clear and vacuoles 
formed. Finally, after days 35° plus days 25° C., the nuclei had lost 
some their turgidity and the glands had come resemble those diapause 
larvae (Fig. course, this time that just what the larvae were. 
GDH production and secretion was obviously stopped abruptly the heat, 
not resumed, presumably, until after several months chilling. 

Examination the brains from parallel series larvae was less informa- 
tive. the beginning the treatment the surge postdiapause neuro- 
secretion was nearly over, and noticeable changes took place the neuro- 
secretory cells while the insects were being heated. Unfortunately, lack 
time prevented any more experiments. 

When these few facts concerning diapause reinstatement are assembled, 
they might interpreted the following way. prevents production 
the GDH, stops abruptly has already begun. Meanwhile the 
stimulus which the prothoracic glands have been responding destroyed. 
There evidence that least part this stimulus provided the neuro- 
hormone. may gradually break down during the interval when the 
prothoracic glands are incapacitated. the time the heat treatment 
finally suspended there too little neurohormone left have any effect 
the prothoracic glands and they revert complete dormancy. Perhaps 
40° the prothoracic glands are temporarily inhibited they are 35° C., 
but the reactions whereby the neurohormone dissipated inhibited 
well. The result state ‘‘suspended that the insects can 
endure for week more and which results neither alteration the 
life cycle nor any permanent harm. 

interesting that the growth imaginal tissues does not cease 
immediately upon heating, although they make but little progress. However, 
shortly after diapause has been re-established the new parts, the brain 
any rate, begin degenerate. Perhaps they are already starting readjust 
themselves dormancy. 
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Discussion 


More and more becoming possible fit the widely assorted pieces 
knowledge concerning diapause into understandable picture. However, 
the incomplete picture resembles not much single unfinished jigsaw 
puzzle the pieces from several puzzles jumbled together, many them 
missing, others loose, and some each assembled within the same frame. 

Typically, rather early stage when insect fated either enter 
diapause avoid it. Well before diapause actually manifest the insect’s 
development switched onto the special line that leads dormancy. the 
work Fukuda Bombyx proves generally applicable will mean 
that the brain and endocrine organs control the switch-over directed the 
inheritance and environment the insect. period very sensitive 
surrounding conditions. 

Instead development being directed primarily towards the maturation 
imaginal organs, towards the rapid growth and differentiation structures 
that will directly serve the purpose adulthood and reproduction, develop- 
ment assumes another objective, the establishing protective dormant 
state. During dormancy insect’s body must relatively self-sufficient. 
must have within itself large quantity stored food and must able 
conserve its energy and water very efficiently. the stage 
marked resistance desiccation and low metabolic rate (associated with 
breakdown the cytochrome system). While the insect preparing for 
diapause, imaginal maturation has make way some extent for the 
processes which extra food reserves are built and other preparations 
are made. pronounced maturation deficit may result does some 
Syrphidae (40, 41); other cases the deficit not great. cinctus 
comparable nondiapause forms were not available for comparison but since 
imaginal growth during diapause not extensive the maturation deficit can 
hardly great. 

After the preparations are complete the insect finds itself state relative 
inactivity which prepared weather the unfavorable season that 
should normally drawing near. The insect has been committed period 
development certain type, which may best called diapause develop- 
ment Diapause development slow process and characteristically has 
lower optimum temperature than other phases development. must 
completed before the kind development that usually regarded ordinary 
can recommence. nature not understood; either may usual and 
necessary component the development all insect specimens that has 
become dissociated from the other components, may special process 
interjected only diapause specimens. 

During diapause the insect primarily because lacks the 
GDH that necessary promote differentiation and stimulate the molting 
process, and diapause development seems essentially serve the reactivation 
the brain-prothoracic gland system. Had not been for the intercession 
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diapause this endocrine system would have been active long before and the 
more developmental processes would have continued uninterrupted. 


The main question now double one. Why the brain-prothoracic 
gland system inactive, and how does diapause development eventually 
terminate its inactivity? attempting find answer important 
but most difficult distinguish between factors directly relating the 
inactivity and reactivation the system and those that are only adjuncts 
the dormant state. One several possibilities that diapause development 
constitutes progressive change the animal’s general physiology that finally 
activates the brain. quite unlikely that the amount body moisture 
acritical factor unlikely that the growth imaginal tissues 
important; otherwise diapause insects with maturation deficit would hardly 
develop normally when reactivated artificial supply GDH. Where 
GDH introduced early diapause any insect with extreme maturation 
deficit, development may possibly not normal. Generally, however, 
maturation deficit and subsequent growth anlagen during diapause are 
probably only supplementary adaptation the life cycle and are not related 
the reactivation the brain—prothoracic gland system. Andrewartha’s (1) 
food mobilization hypothesis seems not unreasonable, but, again, food storage 
accessory diapause and its mobilization may well incidental the 
reactivation the GDH system. between the two processes 
may not without some influence, however. 

Alternatively, diapause development may change within the brain 
and nervous system that makes them more receptive potential 
Towards the end diapause the brain appears more receptive 
stimulation, sometimes causing morphogenesis occur prematurely. Again, 
diapause development may simply represent the manufacture and storage 
neurohormone the brain, released when the cells are full. The brain 
does secrete neurohormone the end diapause that undoubtedly plays 
part reactivating the prothoracic glands, but cannot said definitely 
whether made during diapause development its end. Diapause 
development may, course, several such things combined. There little 
suggest which are important. 

Possibly clue diapause development found the behavior 
cinctus during the process diapause reinstatement. Let assumed 
that appropriate heating stops most developmental processes, but does not 
prevent the neurohormone from being produced and then destroyed 
dissipated. the neurohormone one the main things responsible for the 
production GDH and the resurgence morphogenesis after diapause, and 
lost before can complete its task, then diapause must again intercede. 
diapause reinstatement mechanism this kind fits best and most simply 
with scheme diapause development based the production and gradual 
accumulation neurohormone the brain during the period chilling. 
reinstated diapause would continue until chilling permitted the brain build 
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another supply neurohormone. far, however, there evidence 
that there actually increase the amount stored neurohormone 


during the course diapause development. 

alternative idea has already been proposed—that diapause development 
some other physiological change the insect and the brain responds 
hormone production and secretion only its completion; that the brain 
does not slowly produce neurohormone direct response chilling. this 
true, then diapause reinstatement must rather more complicated 
process. effective heat exposure not only would have let the neuro- 
hormone destroyed but also must reverse the changes that had taken place 
during diapause. This hypothesis lacks the attractive simplicity the 
other, but ultimately may prove the more realistic. The fact should 
remembered that more than just stimulus the neurohormone indicated 


the activation the prothoracic glands. 
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ESTIMATION EGG POPULATIONS THE LARCH 
SAWFLY, PRISTIPHORA ERICHSONII 


Abstract 


The larch sawfly, Pristiphora erichsonii (Htg.), lays its eggs the new terminal 
shoots tamarack, Larix laricina (Du Roi) Koch. The oviposition injury 
usually causes the shoots curl. During 1952 sampling project was con- 
ducted the Whiteshell Forest Reserve, Manitoba, determine the feasibility 
sampling tamarack trees obtain estimates the egg population the 
larch sawfly. Additional data the frequency distribution the number 
larch sawfly eggs per shoot were collected 1953 and 1954 from several areas 
Manitoba and Saskatchewan. The number eggs per curled tip varied 
between plots and between trees one plot, but factors contributing 
variation could found. The frequency distribution the number eggs 
per curled shoot was found modified logarithmic normal distribution. 
The number curled tips per branch and the number branches per crown 
level varied between crown levels and between tree types. Stratification the 
sample increased the efficiency sampling, reducing the standard error the 
mean about 15% and the required sample size about 30%. The large 
variation the estimated number curled tips per tree indicates that large 
sample trees required obtain accurate estimates. compromise 
between accuracy and practicability recommended that six-branch samples 
taken from each least trees, using stratified sampling with propor- 
tional allocation. Simple random sampling, taking two branches from the mid- 
crown least trees, suggested provide population index sufficient 
accuracy for survey purposes. 


Introduction 


Owing its importance pest tamarack (Larix laricina (Du Roi) 
Koch) the larch sawfly, Pristiphora erichsonii (Htg.), has received 
intensive investigation recent years. Further detailed studies require more 
precise methods for estimating populations various stages the insect 
than are now available. 

This paper introduces method for sampling the egg stage. This stage 
the simplest one which make population estimates because the eggs are 
inserted into the shoots the current season’s growth and egg scars may 
counted after oviposition complete. The oviposition scars usually cause 
the shoots curl. The term curled tip will therefore used this paper 
designate shoots bearing oviposition scars the larch sawfly. 

later paper will consider the relationship between the number eggs 
laid and the number larvae completing development. 


Methods 


1952 two 0.6 acre plots were laid out tamarack bogs the Whiteshell 
Forest Reserve, Manitoba. half-chain-interval grid was laid out each 
plot. The trees were numbered with aluminum tags and their positions 
located map. 

Manuscript received June 22, 1955. 
Contribution No. 229, Forest Biology Division, Science Service, partment 
Ottawa, Canada. revision thesis submitted Iowa State College June 1953, partial 


the requirements for the degree Master Science. 
Biology Laboratory, Winnipeg, Manitoba. 
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Plot was located mixed black spruce tamarack stand, containing 
175 tamarack trees with average d.b.h. 5.2 in. and average height 
ft. Plot was pure tamarack stand, containing 188 tamarack trees 
with average d.b.h. 5.1 in. and average height ft. Both plots 
had Alnus rugosa (Du Roi) Spreng. understory and Sphagnum spp. 
ground cover. 

The height each tree was measured with Abney level and the crown 
depth estimated. tree was also classified crown shape, i.e. slender, 
medium, branchy, stag-headed, and the number branches each crown 
level was estimated. pruners marked off 2-ft. intervals were used 
and the number branches each third the crown 
counted with the aid binoculars. This estimate may subject error, 
but was the only practical way estimate the number branches. 

Six whole-branch samples were removed from each tree, two from each 
third the crown. Some trees had few branches that only two branch 
samples could taken. these instances the crown depths were not divided 
into thirds. Six-branch samples were taken from 156 trees Plot and 176 
trees Plot II. The crown depth each tree was divided into thirds and 
random numbers drawn determine the height and cardinal compass point 
from which each branch was sampled. The branch nearest randomly 
selected location was sampled. 

Extension pruners were used remove the branches from the trees. The 
pruners consisted 5-ft. sections, providing moderately accurate estimate 
the height the cutting head, and the grid twine furnished check 
the direction. The length each branch removed, including estimate 
the length stub left the tree, and the number shoots with and with- 
out scars were recorded. 

Before the main sampling was initiated random subsample 10% the 
trees each plot was selected provide estimate the mean number 
eggs per curled tip. This subsample consisted trees Plot and 
Plot II. Two branches were taken from the three crown levels each tree. 
was originally planned save five curled tips from each branch sampled, 
but many the branches had less than five curled tips, was impossible 
retain orthogonality the data. binocular microscope was used 
count the number egg scars each shoot. 

1953 all the curled tips were collected from six trees Whiteshell 
Forest Reserve, Manitoba, and examined under binocular microscope 
determine the number egg scars per shoot. 


Analyses and Discussion 


NUMBER EGGS PER SHOOT 


Analysis Subsample 

The mean number eggs per curled shoot was estimated from the sub- 
sample data. The data were examined determine there was any variation 
the number eggs per shoot between branches, crown levels, trees. 


if 
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Complications introduced the nonorthogonal nature the data made 
necessary run series analyses evaluate the influence different 
factors the number eggs per shoot. The analysis for testing for 
differences between branches within crown levels was made from the pooled 
estimates the variance between branches within crown levels and the 
variance between tips within branches within crown levels. Crown level and 
tree classifications were disregarded. Twenty pairs branches Plot and 
pairs Plot were used for this analysis. The calculated values were 
between branches; therefore the data were pooled before continuing the 
analyses. 

test for tree-by-crown-level interaction, the normal equations were 
solved for the estimates the parameters. The sum squares removed 
under the hypothesis interaction was then calculated for each plot, 
following the method Kempthorne (3). The results are presented 
Table The calculated value for interaction was significant the 
level Plot II, indicating interaction between trees and crown levels, but 
was not significant Plot 

test for differences the mean number eggs per curled tip each 
crown level approximate test was used. For each tree the mean number 


TABLE 


ANALYSIS OF VARIANCE FOR TESTING TREE-BY-CROWN-LEVEL INTERACTION 
IN NUMBER OF EGGS PER CURLED TIP 


Degrees Sums Mean 
Source variation freedom squares square 
Plot 
interaction 
Within cells 130 3319.128 25.532 
Total 164 35875 
Plot 
interaction 
Within cells 193 47.373 
Total 242 86563 


Throughout this paper single asterisk after value indicates significance the .05 
level, and double asterisk indicates significance the .01 level. 
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eggs per curled tip for the upper crown level was paired with the middle 
crown level mean and then with the lower crown level mean. The tests 
the differences between means gave the results shown Table tests 
for differences between upper versus middle crown means and upper versus 
lower crown means are correlated. However, they not utilize any 
assumption zero interaction. None these was significant, and the 
hypothesis that there were differences between the three crown levels was 
accepted. Variation between trees was tested, using pooled data for each 
tree. This test procedure insensitive and can introduce bias but the amount 
bias was probably small. The between and within trees sums squares 
were computed for each plot. The results these analyses (Table III) show 
the calculated value for Plot significant the .01 level, although 
the one for Plot not significant. 

Three factors, crown shape (slender, medium, branchy, stag-headed), 
height (40 ft. and over, under ft.), and crown depth (25 ft. and over, under 
ft.), could influence the number eggs per curled tip. The effect each 
factor was tested for Plot The analyses were the form: between classes, 
among trees within classes, between tips within trees within classes. 


TABLE 


CALCULATED ¢ VALUES FOR TESTING DIFFERENCES IN MEAN NUMBER OF EGGS 
PER SHOOT IN DIFFERENT CROWN LEVELS 


Plot Plot 
Degrees Degrees 
Comparison freedom freedom 
Upper vs. middle crown 1.29 0.21 
Upper vs. lower crown 0.90 0.99 
TABLE III 


ANALYSIS OF VARIANCE FOR TESTING FOR DIFFERENCES BETWEEN TREES WITH 
RESPECT TO THE NUMBER OF EGGS PER CURLED TIP 


Degrees Sums Mean 
Source variation freedom squares square 
Plot 
Between trees 1475.765 92.235 3.590** 
Within trees 147 3776.790 25.692 
Total 163 
Plot 
Between trees 61.030 1.116 
Within trees 224 54.690 


Total 241 
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Satterthwaite’s approximations for degrees freedom and mean square were 
used test for differences between classes. circumflex used indicate 
the estimated values for degrees freedom. The values obtained were: 


Between crown shape 2.153 
Between height classes 1.358 
Between crown depth 1.039 


None these was significant the .05 level. These tests are likely 
very insensitive. However, basis for grouping the means could found, 
that the best estimate the number eggs per curled tip the mean 
the tree means for each plot. The standard error was computed from the 
sum squares the tree means (Table IV). These results indicate that 
larger subsample might have been more informative, but the design the 
sampling did not anticipate the large number branches with than five 
curled tips. larger subsample might have revealed some further basis 
upon which group the number eggs per curled tip. 


TABLE 


MEAN NUMBER OF EGGS PER CURLED TIP 


Plot Mean Standard error 95% confidence interval 


Frequency Distribution 

There some evidence the preceding section that the variation number 
eggs per shoot greater within branches than between branches. Wallace 
(6) has shown that the length shoots decreases after prolonged attack 
the larch sawfly, and there some indication that the number eggs per 
shoot tend lower areas that have been severely defoliated for 
prolonged period. Examination approximately 4500 tamarack shoots 
bearing oviposition scars the larch sawfly provided information the type 
frequency distribution followed. The shoots were collected from six trees 
the Whiteshell Forest Reserve, Manitoba, 1953. All shoots bearing 
scars were collected from each tree. 

The distribution the number eggs per shoot was for each tree. 
All followed the same skewed distribution. The data were pooled and tested 
for normality plotting the probits against the number eggs (Line 
Fig. The number eggs per shoot not normally distributed, since 
relatively straight line required indicate normality. 

The skewed distribution resembled that logarithmic normal. The 
agreement was tested plotting the probits against the logarithms the 
number eggs per shoot. The adjustment given Kenney and Keeping 
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NUMBER OF EGGS (ABSCISSA FOR LINE I) 
0 19 20 30 40 $0 


7.0 


6.0 


PROBITS 


1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 
LOGARITHM OF NUMBER OF EGGS PLUS 8.0 (ABSCISSA FOR LINE I) 


Fic. Test for goodness-of-fit number eggs per curled shoot applied data 
from six trees: Line I—test for normal distribution; Line for logarithmic 


normal distribution. 


(4) was necessary straighten the line. The logarithms the variable 
were plotted against the probits, where refers 
the number eggs per shoot. The variable produced 
approximately straight line (Line II, Fig. 1). The fit was tested with the 
Chi-square test for the logarithmic normal distribution (1). The value 
obtained was 35.978, with degrees Using the normal 
the probability obtaining larger value was found .5714, 
indicating satisfactory fit the observed data. 

The number egg scars per shoot was tested for data collected from four 
areas 1953 and 1954, determine this transformation produced normality 
the distribution. The data were collected the Forest Insect Survey, 
Winnipeg, from number plots the Northern and Prince Albert districts 
Saskatchewan, and the Southeastern and Eastern districts Manitoba. 
The numbers shoots with egg scars examined from these areas were 
shown Table 

TABLE 


NUMBER CURLED SHOOTS EXAMINED FOR EGG SCARS 


Area 
1953 471 210 335 278 
1954 323 253 496 
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The agreement between the observed frequencies and the logarithmic normal 
distribution was tested plotting the probits against the logarithms the 
numbers eggs plus eight for each area and year (Fig. 2). Numbers were 
added the probits, indicated the figure, permit the plotting 
several tests single graph. The agreement with the logarithmic normal 
distribution appears good for all areas, when allowance made for the 
relatively small sample sizes. These results indicate that the transformation 
produces approximate normality the data over wide area. 

data are available from which inferences can drawn about the factors 
responsible for the skewed distribution. However, skewed distribution 
would result most the eggs were laid when the shoots were short, only 
limited portion most shoots was suitable for oviposition, from com- 
bination the two factors. Additional factors relating the behavior 
the insect may influence the number eggs laid per shoot, but information 
available. 


PROBIT UNITS (NUMBERS ADDED PROBITS BRACKETS) 


0.9 1.0 Ll 12 1.3 1.4 LS 1.6 1.7 
LOGARITHM OF NUMBER OF EGGS PLUS EIGHT 


Fic. Test for goodness-of-fit for logarithmic normal distribution number eggs 
per curled shoot applied survey data. 
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ANALYSIS MAIN SAMPLE 


The only method expressing the population density considered the 
following analysis will the number curled tips eggs per tree unit 
area. Estimates population density this method are not influenced 
the vigor the trees but comparisons between estimates expected 
defoliation different stands are difficult make because number 
sawfly larvae would cause more defoliation small trees than large trees. 


Bases for Stratification 

Number Curled Tips per Branch 

The analysis the data mainly concerned with finding which factors, 
any, affect the variability the number curled tips per branch and 
per tree basis. Variations the number curled tips per branch will 
considered first. 

Analyses variance tests were made for each plot determine whether 
there were any tree crown level differences tree-by-crown-level interaction 
(Table VI). both cases the calculated values were significant the 
level, indicating variation between trees and between crown levels and 
the presence interaction. Although the value for interaction was highly 
significant both cases, was not large, indicating that the interaction 
variance was rather small. For convenience the interaction was disregarded 
the following analyses. 

Although the two plots were fairly uniform, there was considerable variation 
between the trees each plot. try obtain more homogeneous subsets 
data the trees were classified according crown shape, tree height, and 


TABLE 


ANALYSIS OF VARIANCE FOR TESTING FOR TREE EFFECTS, CROWN LEVEL EFFECTS, AND TREE- 
BY-CROWN-LEVEL INTERACTION BASED ON THE NUMBER OF CURLED TIPS PER BRANCH 


Degrees Sums Mean 
Source variation freedom squares square 
Plot 
Between trees 155 21731.875 140.206 
Tree crown level 310 15044.494 48.531 1.295** 
Error 468 17541.500 37.482 
Total 935 
Plot 
Between trees 175 18566. 143 106.092 2.634** 
Between crown levels 1836.415 918.208 22.799** 
Tree crown level 350 19139.252 54.684 
Error 528 40.274 


Total 1055 60806 310 
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crown depth. All these classifications are somewhat arbitrary. test 
for interaction between the three criteria classification used, the sums 
squares removed under the hypothesis interaction and under the assump- 
tion interaction were calculated for each plot. The difference between these 
sums squares was compared the error mean square means test. 
calculate the sum squares removed under the hypothesis interaction 
the normal equations were solved for estimates the parameters involved. 
The interaction was not significant Plot but was significant the .01 
level Plot (Table VII) indicating interactions between the criteria used 
the basis for stratification. 


The effect each the factors used stratifying the sample the 
variation the number curled tips was tested, using the tree totals. 
Analyses for variation between and within crown shape classes, between and 
within height classes, and between and within crown depth classes were 
conducted. These tests did not utilize any assumption about interactions but 
were probably rather insensitive. The calculated values are shown 
Table VIII. These results indicate that the crown shape class and crown 
depth class provide basis for stratification. 


TABLE VII 


ANALYSIS OF VARIANCE USED IN TESTING FOR THE PRESENCE OF INTERACTION BETWEEN 
STRATA, BASED ON SIX-BRANCH TREE TOTALS OF NUMBER OF CURLED TIPS 


Degrees Sums Mean 
Source variation freedom squares square 
Plot 
Difference 675.990 1.029 
interaction 
Within strata 145 
Total 156 229851 
Plot 
Difference 9169.11 1528.185 
interaction 
Within strata 164 468.541 
Total 176 304847 


crown depth effect 2). 
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TABLE VIII 


TESTS FOR FACTORS AFFECTING NUMBER OF CURLED TIPS PER SIX-BRANCH SAMPLE 


Analysis Plot Plot 
Between crown shape classes 14.564** 16.230** 
Between height classes 0.330 0.295 
Between crown depth classes 1.003 9.902** 


Number Branches per Tree 


Since the estimated total number curled tips per tree also depends the 
number branches per tree their relation possible stratification should 
considered. The counts the number branches each crown level may 
subject error since there was some difficulty seeing the branches clearly 
through the foliage. However, since extreme care was exercised the 
collection the data, the error was considered negligible for the purposes 
analysis. 

analysis variance for testing variation the number branches 
trees and different crown levels was made for each plot. The tree-by-crown- 
level interaction was assumed negligible provide estimate the variance. 
The calculated values were all significant the .01 level, indicating tree 
and crown level differences both plots. between and within class analysis 
was conducted for each the criteria tree classification turn (Table 
All the calculated values are significant the .01 level, confirming that the 
tree type has considerable influence the number branches. 

The results these analyses number curled tips and number 
branches indicate that reduction variation between trees will gained 
stratification the basis tree crown shape class, height class, and crown 
depth class. The trees should also sampled from each the three crown 
levels. 


TABLE 


TESTS FOR FACTORS INFLUENCING NUMBER OF BRANCHES PER TREE 


Analysis Plot Piot 
Between crown shape classes 7.869** 17.125** 
Between crown depth classes 47.616** 68.511** 


Number Curled Tips 

Relationship Number Branches 

The total number curled tips each crown level estimated multiply- 
ing the mean number curled tips per branch the number branches. 
therefore important know whether the mean number curled tips per 
branch independent the number branches. The correlation between 
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TABLE 


CALCULATED CORRELATIONS BETWEEN NUMBER OF BRANCHES AND MEAN 
NUMBER OF CURLED TIPS PER BRANCH 


Plot Plot 


U.C.—upper crown level; M.C.—middle crown level; L.C.—lower crown level. 
Crown shape: S—slender, M—medium, B—branchy, St—stag-headed. 


the mean number curled tips per branch and the number branches each 
crown level was calculated for each stratum (Table X), assuming that the 
branch counts represent the true values. 

Some the calculated values are significant the .05 level, but none 
are significant the .01 transformation, ie. 
have arisen from population with common correlation. The test was 
applied each crown level each plot. chart was used make the 
transformation (5). None the calculated values were significant, 
indicating that the sample correlations each crown level could have arisen 
from population with common correlation. The largest average value 
.300. This indicates that the number branches and the mean number 
curled tips per branch are essentially uncorrelated each crown level. 


Differences Between Crown Levels 

The correlation between the true means for the number curled tips per 
branch each the three crown levels may estimated utilizing the 
formula 


covariance 
correlation 
product variances 


The covariance between the observed crown level means unbiased estimate 
the covariance between the true means. The estimates the variances 
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TABLE 


ESTIMATES OF VARIANCES OF THE TRUE MEANS, COVARIANCES OF THE OBSERVED MEANS, AND 
ESTIMATES OF THE CORRELATIONS BETWEEN THE TRUE MEANS FOR NUMBER 
OF CURLED TIPS PER BRANCH IN DIFFERENT CROWN LEVELS 


Estimate* 

Covariances 
6.53 30.26 5.92 0.40 0.80 


The subscripts and refer the upper, middle, and lower crown levels respectively. 


the true means may obtained equating observed and expected mean 
squares the components variance models analyses were the 
form: between trees, and between branches within trees. analysis was 
made for each crown level each plot. The estimates the variances 
the true means, the covariance the observed means, and the correlations 
between the true means are shown Table XI. These are consistent 
estimates the correlation, but they are subject unknown amount 
bias, which exemplified the estimated correlation that greater than 
unity. 


Estimated Number Curled Tips per Tree 
The estimate the mean number curled tips per tree that will 
considered is: 
where the number trees the sample, 


(assumed without error), 


n 3 
Vij 


2 
and the observed mean number curled tips per 
k=1 


branch the crown level the tree. 
The estimated number curled tips and number eggs per tree the 
different classes are shown Table XII. 

The variance and estimated variance for the above expression were then 
derived, ignoring the finite population correction. This correction will 
small for the intensity sampling which feasible. The variance the 
mean number curled tips per tree will estimated by: 


— 
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TABLE XII 


EsTIMATED MEAN NUMBER OF CURLED TIPS AND EGGS IN EACH CLASS OF 
TREES (”; REFERS TO THE NUMBER OF TREES) 


Plot 


Plot 


Curled 

Class tips Eggs tips Eggs 
mean 326 4670 457 8149 


the number branches sampled per crown level, 
the between branches within trees mean square the analysis 
variance table for the crown level, 
the sum the squares the number branches the 
crown level the trees sampled, 
and mean square between estimated tree totals 


The values these quantities are shown Table XIII. The estimated 
variances for the estimated number curled tips per tree, Plots and II, 
are 824.537 and 865.264 respectively. areas similar those dealt with 
here, the respective parts the formulas for the two plots may averaged 
give the variance with trees, and branches sampled per crown level, as: 


Random Versus Stratified Sampling 

Although seems justified, the allocation sampling units 
may difficult sampling with proportional allocation used, 
especially the sample size small. would therefore instructive 
compare the size the confidence intervals for the mean number curled 
tips per tree each plot, and sample sizes needed for desired degree 


accuracy, for each type sampling. 
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TABLE 


383 


QUANTITIES USED CALCULATING THE VARIANCE THE MEAN 


NUMBER CURLED TIPS PER TREE 


Plot Plot 
Upper crown 11.160 1723.1 14.923 1702.4 
Middle crown 27.016 898.6 43.358 835.7 
Lower crown 74.269 421.4 62.540 
Observed mean square 128628 152286 
(Est. tree totals) 
156 176 
91227 109101 


The confidence interval and required sample size may estimated the 
mean number curled tips per tree assumed approximately normally 
distributed. The variance the sample mean for stratified sampling with 
proportional allocation with strata (neglecting corrections) 


k n; 
i=1 


k 


i=1 


variance table for between and within strata is: 


Degrees Mean Estimated 
i-1 j= 
ny 


where the estimated tree total for the tree the strata. 
not constant, 


provided large and not too large approximate 
estimate the variance the mean number curled tips per tree, using 
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TABLE XIV 


STANDARD ERRORS AND CONFIDENCE INTERVALS FOR MEAN NUMBER OF CURLED TIPS PER 
TREE USING SIMPLE RANDOM SAMPLING AND STRATIFIED 
SAMPLING WITH PROPORTIONAL ALLOCATION 


Plot 


Plot 


Random 28.715 268 383 29.415 398 516 
Stratified 25.072 276 376 23.587 410 504 
TABLE 


APPROXIMATE SAMPLE SIZES NEEDED TO ESTIMATE MEAN NUMBER OF CURLED TIPS PER TREE 
WITH VARIOUS DEGREES OF ACCURACY, USING SIMPLE RANDOM SAMPLING 
AND STRATIFIED SAMPLING WITH PROPORTIONAL ALLOCATION 


Plot Plot 
level Random Stratified Random Stratified 
473 360 288 185 


The size the half confidence interval width based 10, 20, 25, and 30% the observed 
mean for Plots and respectively. 


proportional allocation stratified sampling, provided W/n. This 
approximation was used calculating the variance for the stratified sampling. 

The standard error the mean and the 95% confidence intervals for the 

mean number curled tips per tree each plot, using simple random sampling 

and stratified sampling with proportional allocation, are given Table XIV. 

The approximate sample sizes needed for various degrees accuracy, using 

the two types sampling described above, are shown Table XV. These 
sample sizes assume the same sampling method used this experiment, 
and are based the observed tree total means, making use the relation 
szt,, which gives where the half confidence interval 
width, the standard error the mean, and Student’s 
for the confidence level, based infinite degrees freedom. 

These results indicate that increase efficiency obtained the use 
stratified sampling. Stratified sampling reduced the standard error the 
mean about 13% Plot and about 20% Plot II. Required sample 
sizes were reduced about 25% for Plot and 35% for Plot using the 
stratified sampling method. The greater efficiency must considered 
relation the extra work involved. The time required determine the 
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proportion the various classes trees stand might well outweigh the 
greater accuracy the stratified sampling. However, accurate estimates 
are required recommended that stratified sampling used. The 
number trees that can sampled will limited time and labor. 
sample trees per plot, using stratified sampling, will probably give 
reasonably accurate estimates with moderate amount effort. 


Four-branch Samples per Crown Level 

The above results estimated sample sizes indicate that large samples are 
required for reasonable degree accuracy, using the present sampling 
method. The possible reduction variance that could obtained 
sampling four branches per crown level may estimated utilizing the 
expression for the variance the estimated tree totals. The variance for 
sampling method, using four branches per crown level, may calculated 
assuming that the between sample and within sample mean squares will 
remain approximately the same. The estimated variances the mean 
number curled tips per tree, sampling two and four branches per crown 
level, and the per cent reduction obtained sampling four branches per 
crown level are follows: 


Plot Plot 
Two-branch samples 
reduction variance 14.5 14.2 


Since the work involved taking four-branch samples from each crown 
level, for given number trees, almost twice that required for two-branch 
samples, the reduction variance relatively small. Assuming that the 
mean squares remain reasonably constant, reduction the variance 
the mean number curled tips per tree about 50% would expected 
two branches were sampled from each crown level twice many trees. 
Therefore appears that would not feasible sample more than two 
branches per crown level attempt reduce the variance. fact, 
might advisable sample only one, although estimate the within 
crown level variance would then available. 


Sampling from the Mid-crown Only 

Sampling from the upper third the crown somewhat impractical for 
survey purposes because mechanical difficulties. This suggests the 
possibility that sampling the lower middle crown might give essentially 
the same estimate obtained sampling the complete crown. 
observations indicate that the lower crown too variable satisfactory. 
The mid-crown therefore seems the most satisfactory portion sample 
only one crown level used. The estimate the total based 
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mid-crown sampling only was obtained similarly that obtained for whole 
trees, except that the mean number curled tips per branch for the mid- 
crown was multiplied the total number branches tree. The 
difference between these two estimates was used sample from population 
differences and tested means test for paired differences 
(Table XVI). The mean difference significant the .05 level for Plot II, 
but not the other two cases. These results indicate that mid-crown 
sampling will probably tend overestimate the number curled tips per 
tree. Whole tree sampling therefore recommended when absolute 
population estimate per tree required. 

For surveys the primary requisite population index, and for this purpose 
mid-crown sampling should satisfactory. The mean number curled 
tips eggs per two-branch sample would the simplest index use since 
branch counts need made. Suitable randomization techniques would 
required, avoid personal bias the selection the branches. The 
approximate sample size needed for given degree accuracy may 


TABLE XVI 


COMPARISON OF ESTIMATED NUMBER OF CURLED TIPS PER TREE, BASED ON 
WHOLE TREE SAMPLING AND MID-CROWN SAMPLING 


1952 Additional 
data collected 

Plot Plot 1953 
Mean difference* 36.36 93.67 266.50 
Degrees freedom 148 175 
23.17 26.62 119.46 


Mid-crown minus whole tree. 
confidence interval mean difference. 


TABLE XVII 


APPROXIMATE SAMPLE SIZES NEEDED TO ESTIMATE THE MEAN NUMBER OF CURLED TIPS PER 
BRANCH, SAMPLING TWO BRANCHES FROM THE MID-CROWN OF EACH TREE 


Plot Plot 


level Sample size Sample size 
0.80 690 1.24 
1.60 122 2.48 


The size the half confidence interval width based 10, 20, 25, and 30% the observed 
means for Plots and respectively. 
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estimated, the mean number curled tips per two-branch sample from the 
mid-crown assumed approximately normally distributed. The 
estimated number trees needed sampled Plots and II, using simple 
random sampling, were calculated (Table XVII). These results indicate that 
large sample sizes are again required reasonable degree accuracy 
required. Stratification would probably reduce the required sample sizes 
appreciably, but would not practical for survey purposes. simple 
random sample two branches from the mid-crown trees per plot 
suggested provide population index. This index will possess only 
moderate accuracy, but larger sample would not practical. 


Curled Versus Total Tips 

The foregoing analyses have been concerned with estimates the total 
numbers curled tips the branches trees, and have not considered the 
ratio curled tips total tips. the percentage curled tips total tips 
used population index, important know whether there are 
any crown level trends the distribution curled tips relation total 
tips. Because the high variation encountered between individual branches, 
the data were grouped into nine classes according crown shape and crown 
level for Plot and Plot and for additional data collected 1953. These 
classes were slender, medium, and branchy trees and upper, middle, and lower 
crown levels. Both curled tips and total tips appeared follow the same 
type distribution. test the hypothesis that the number curled tips 
depends upon the total shoots available for oviposition, and not upon their 
height from the ground, the correlation between the number curled tips 
and total shoots was calculated for each the crown levels, using the grouping 
previously mentioned. The correlations obtained were .861, .756, and .747 
for the upper, middle, and lower third the crown respectively. Each 
these correlations had seven degrees freedom. The first significant the 
level, and the others the .05 level. The transformation was used 
determine the corrélations could have arisen from population with 
common correlation value obtained was .411, with two degrees 
freedom. The probability obtaining larger value approximately 
.80, that there are grounds for rejecting the hypothesis common 
correlation. The average 1.081, which gives average .794. From 
this concluded that the number curled tips related the number 
shoots available for oviposition and not materially influenced their 
height above the ground. 


PROCEDURE 


The method used for counting branches could modified reduce error. 
Counts made the spring, when the buds had just broken, would more 
accurate. new foliage would identify the living branches but would not 
obstruct vision for counting branches the far side the crown. 
intensive study, portable platform would greatly increase accuracy 
counting branches. 
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The number eggs per tree might estimated counting the number 
eggs per branch sample, instead the number curled tips. However, the 
data for calculating confidence intervals and estimated sample sizes were not 
collected for this estimate. 
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